In 2012 the Daya Bay experiment made an unambiguous observation of reactor antineutrino disappearance over kilometer-long baselines and determined that the neutrino mixing angle θ13 is non-zero. The measurements of Daya Bay have provided the most precise determination of θ13 to date. This whitepaper outlines the prospects for precision studies of reactor antineutrinos at Daya Bay in the coming years. This includes precision measurements of sin 2 2θ13 and ∆m 2 ee to <3%, high-statistics measurement of reactor flux and spectrum, and non-standard physics searches.
I. INTRODUCTION
Since the discovery of a non-zero value for θ 13 [1], Daya Bay has provided the most precise measurement of sin 2 2θ 13 of 0.089 ± 0.010 ± 0.005 with 139 days of 6 antineutrino detector (AD) data [2] in June 2012. Recently, with 217 days of 6-AD data, we have obtained the most precise measurement of sin 2 2θ 13 = 0.090 The prospects for precise measurement of the reactor antineutrino flux and spectrum are summarized in Section IV.
II. PRECISION MEASUREMENT OF SIN
2 2θ13
Daya Bay's currently published measurements of sin 2 2θ 13 are still statistics limited. With the data collected with 8 ADs as of October 2013 the statistical error will reach the current systematic uncertainty of 0.005 [2] . We have assessed improvements in the systematic uncertainty based on calibration data and increased precision that is statistical in nature (such as the uncertainties in estimating the 9 Li/ 8 He and fast neutron backgrounds). Based on the projected systematic uncertainty we estimate that the total uncertainty in sin 2 2θ 13 can be reduced from 0.008 to 0.006 in one year and 0.003 after 3 to 4 years as shown in Fig. 1 .
FIG. 1: Projected total uncertainty in sin
2 2θ13 for the Daya Bay experiment. The current systematic uncertainty of 0.005 is used at the beginning of the 8AD run.
Daya Bay's short-baseline antineutrino disappearance measurement is the most precise reactor measurement of sin 2 2θ 13 and will likely remain the most precise measurement of this fundamental parameter for the foreseeable future. Precise measurement of this quantity may shed light on symmetries between quarks and leptons at a fundamental level, and test unitarity of the neutrino mixing matrix. Comparison of future long baseline accelerator measurements of θ 13 to Daya Bay will allow precision tests of the neutrino-standard model interpretation of neutrino oscillations with sensitivity to non-standard neutrino interactions and sterile neutrino scenarios. The expected improvement in 2 2θ 13 by Daya Bay will make θ 13 the most precisely measured neutrino mixing angle and extend the CP reach (shown in Fig. 2 ) and θ 23 octant determination of long baseline accelerator experiments.
III. PRECISION MEASUREMENT OF ∆m 2 ee
Our discovery of a large value for θ 13 enables a measurement of the effective mass splitting ∆m Fig. 3 , better than 3% after five years of data collection with the 8-AD configuration. In addition to the neutrino mixing angles and the Dirac CP-violating phase, the mass-squared differences are crucial for understanding the nature of neutrinos. First, independent determination of the three mass-squared differences will validate the sum rule of neutrino mixing, ∆m are directly related to the effective mass splitting ∆m 2 ee in the L/E region for Daya Bay, the impact of the Daya Bay measurements in both sin 2 2θ 13 and ∆m 2 ee with three years of 8-AD data is illustrated in Fig. 4 . Only statistical uncertainties are shown. The relative systematic uncertainty, which is relevant for the oscillation analysis, is still smaller than the expected statistical uncertainty of the far site. The overall normalization is not constrained in the fit, and the best-fit normalization is used in Fig. 4 .
IV. PRECISION MEASUREMENT OF THE REACTOR ANTINEUTRINO FLUX AND SPECTRUM
Daya Bay collects reactor antineutrino data at a tremendous rate which enables a precision measurement of the reactor antineutrino spectra in the four near site detectors. For the data sets published to date based on six detectors, Daya Bay has collected >300k antineutrino events. Two additional detectors, one at the Ling Ao near site and one at the far site, have been operational since October 2012. The Daya Bay experimental configuration allows spectral and flux measurements as close as 360m from the reactor cores at the Daya Bay site and 480m at the Ling Ao site. At these detector locations the measured reactor antineutrino flux from the nearest reactor cores remains largely non-oscillated in the standard 3-neutrino oscillation framework. The contribution from the more distant reactors at ∼900m is approximately 20% (7.5%) of the total event rate at Daya Bay (Ling Ao). The oscillation effects of antineutrinos from the far reactor and resulting distortions in the measured antineutrino spectrum can be corrected for in any spectral analysis assuming a 3-neutrino framework. With this unique configuration of multiple, functionally identical antineutrino detectors at various baselines Daya Bay will be able to report the following measurements and physics analyses:
A. High-precision measurement of the reactor antineutrino spectrum
Using data from the near and far sites Daya Bay will make a measurement of the reactor antineutrino spectrum with high precision. Amongst all running reactor experiments Daya Bay will collect the largest sample of antineutrino events and achieve a <1% statistical uncertainty in a 2-year run over a large range of energies at the near sites.
Using known reactor operation data such as thermal power output and fission fraction evolution from reactor core simulations Daya Bay can predict the expected non-oscillated energy spectrum of reactor antineutrinos emitted from each reactor. The Daya Bay collaboration works closely with the reactor company and relevant operation data are provided to the collaboration on a regular basis. A precise comparison of the predicted reactor antineutrino spectrum with the spectrum measured at Daya Bay will test our understanding and calculations of antineutrino emitted from reactors. This is particularly relevant in the context of recent discussions of our understanding of reactor flux calculations. Discrepancies in the spectral shape may point to (a) missing nuclear physics in the reactor spectrum predictions or (b) new physics beyond the 3-neutrino framework including non-standard interaction (NSI) effects, and sterile neutrinos. This spectral shape test is independent of the absolute flux normalization and the uncertainties in the predicted total antineutrino rate at Daya Bay. Due to the high statistics of the Daya Bay measurement, the statistical uncertainty in the 2011-2012 Daya Bay data set is already below the flux conversion uncertainty on the spectrum. Daya Bay's measurement of the reactor antineutrino spectrum will be ultimately limited by our understanding of energy scale uncertainties and detector effects. Detector studies and simulations are ongoing to improve the energy response model of the Daya Bay detectors.
C. Absolute measurement of the reactor flux
In addition to a measurement of the spectral shape, Daya Bay will measure the absolute reactor flux from the six Daya Bay and Ling Ao reactor cores. The absolute flux measurement tests our understanding of reactor flux models within the theoretical uncertainties of the predictions and the experimental uncertainties associated with the absolute detection efficiencies of the Daya Bay detectors. An absolute flux measurement in the antineutrino detectors at Daya Bay will provide unique data points at the baselines of the Daya Bay experiment (360-2,000 m) and will further our understanding if there is a deficit in the measured reactor neutrino flux at short baselines, also known as the "reactor anomaly". An analysis of past reactor experiments compared with predictions has revealed a discrepancy of about 5.7% in the absolute antineutrino flux. While Daya Bay has demonstrated superb relative detector uncertainties, an absolute measurement will be systematics limited. A statistical precision of 0.1% will be achievable in the Daya Bay data set. Improvements in the analysis may eventually reduce absolute detection uncertainties to ∼1%. An absolute reactor flux measurement can test the theoretical flux prediction with the uncertainty currently estimated at about 2.7%. We can compare the Daya Bay's measurements to previous reactor flux measurements, for example, the absolute Bugey-4 measurement with an uncertainty of 1.4%. Daya Bay's measurement of the absolute flux and reactor antineutrino spectrum will provide important input to our understanding of the "reactor anomaly".
D. Study of the time-evolution of the reactor antineutrino flux
The large reactor antineutrino event rate measured and the unique combination of baselines and reactor cores at Daya Bay allows a detailed study of the time variation of the reactor antineutrino flux. This contains information on the operation of the reactors as well as the evolution and isotopic composition of the core's fuel. Correlating the measured antineutrino flux with reactor operations is of interest to reactor monitoring, the safeguard community, and applied neutrino science. With six reactors and 4 near-site detectors Daya Bay will provide the largest data set on reactor flux variations as a function of time.
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